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INDUCTION OF IMMl NITV 
AG AINST 'I liMOR SELF-ANTIGENS 

CROSS-RFFKRFNCE TO ilin.ATB!) APPLjCAJig^S 
5 Tbi^ application ciaims prioriLy under 35 U.S.C. § ) \ to U.S. 

Provi^inna) AppHcatiiJii No. 6O.'07S,889, tiled March 20. 190S. the conicnis of 
uiiich are hereby incorporated by reference. 

TECHNICAL FI ELD 

10 Hiis invention is in the field of moiecuiar inmumoiogy and medicine. In 

pLsnieuiar, ihe present inveniioii provide.s composiiions and methods for induciny 
an immune resporise lo a naii\e velf-antigen in a subject. 

BAC KGROUND 

1 5 The goal of vaccirsauoii is to gentr;ne a protective immune response and 

an expanded popubtion of memory celis ready to encounter an agent idemiued ay 
foreign, svhich will then elicit a potent .secondary itnnmne response. J and B cells 
are highly antigen specific and can develop into nieniory celis. and therefore m s: 
the target tor a sucees^Uu! vaccine. 

20 Tumor specific T cells, derived from cancer patients. vviU bind ftnd lyse 

tumor celly, Thi^ specitlcity is based on their abiiity to recognise short amino 
acid sequences (epitopes) presented on the surface of the luinor cells by MiK.' 
ciasiJ i and cla.ss Jl molecules, Fhese epnopes are derived from the proteolytic 
degradation of intraceilular proteins called tumor antigens encoded by genes that 

25 are cither uniquely or aberrantly expressed in tumor or cancer ceils.. 

i'he availability of specific anti-tumor T ceils has enabled tlie 
identification ofiiimor aruigens and subsequent!)' the yeneraiiun of cancer 
vaccines designed to provoke an anti-tun5or iiTiinune response, A critical target of 
vaccines is the specialized aittigen-preseniirig cell ("APC"), the most 
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immuaologicaliv powerfu! of which is tht bone mijrrow-derived dendriiic ceil 
V'DC). 

DCs are potent antigtin presenters that express high Icveis of co- 
siimulatory moiecules and are capable ol' activating both CDV and CDS' naive T 
5 iymphocyies. Resuhs obtained in several aniniai models have shcnvi! tlifit DCs 

puised with defined tuiiior-associated peptides c:r with peptides eluled I'roin the 
surface of tumor cdk are capable of indueing an aiiiigei-i-spK-einc Cl'L response 
resulting in protcetion from tumor challenge and. in soETie instanees, regression of 
estabiishcd tumors. The same type of approach has also been tested in human 

U) cHnjcal trials with eticoviragins;'. results. For cxainpie. Ihu et al, have reported that 

tour B eeSI iyniphoma patients infused vv-ilh autologous DCs pulsed witij tumor- 
speciiic idiotype protein ail developed im idiotype-specific proiifenitive response 
accompanied by eoniplete tnrrior regression in two patients and partial regression 
m a third, lisii et ah (1996} Nature Med. 2:52. More recently^ "Nestle er al. 

15 reported that melanoma patients treated with autologous DCs pulsed with tuntor 

iy.sate or a cocktail of CTL peptide epitopes, developed celi-mediated itnmunity 
with objective clinical responses in 5 out of 16 patients evaluated. Nestle et al. 
(1998.) Nature .Vied. 4:328. 

Successful cancer therapy, similar to the ones noted above, is rare. The 

20 high incidence of faihne may be due to the fact that naturally occurring neoplasms 

ilo not. possess antigens that tan serve as iiiducers and/or targets for a tumoi- 
destructive immune response, ahhough immunological reactions mediated by 
either lymphocytes or amibodie.s to cultivated human tumors have been reported. 
Heiistrorn K, and Hellstmni I. (1969) Adv, Cancer Res. 12:167. Indeed. 

25 mechanisms of systemic immune tolerance to self have begun to emerge, 

panicuiariy from studies in transgenic mouse systems, Hanahan U. (19%) Ann. 
Rev, Ceil Biol. 6:49}. .Mechanisms of systemic immune tolerance include 
deletion of potentially autoreactive B or T ceils, induction of auergy in B and T 
ceils, and the poorly defined phenomenon of suppression of immune respon.se bv 

30 suppres,sor cells. Houghion and Lewis, pages 37-54 in Forni. et al. eds. (1994) 

CYTOKf'NE-lNDUCED TUMOR IMMUK0GEN5CITY, Academic Press, New York, 
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Thus, a jjccd exists -o overcome immune tolcti^nce to st'lt-a!ii.;gi.'iis ami to providt' 
an effective cancer ^'accine, Tliis invention SLitlsiies the^e netjds aiid provides 
rckitod advantages as well. 

DISCLOSU RE OF TH K INVSrNTiON 
in ilic picsrnt iPAftUiou, iJuruurn/'dUon carrsed out with hctvroloiiOUi 
antij/eti m an .iIkmjJ antigen th;il is structurali) distinct front the self- antigen or 
"n.Ui\t" a!ii!t;t.n \ Ji a sul! capable of induLiim an tniuvurc response against the 
Sfii""-<.:iitmt;n Sii^jj. aaiiL'j'iis itre unmunoiientc (seen foreign^ and sersc to 
inJiKc ait iuunune lesponse ikit cross-reacts \stth the itat.vc aniigcn 

in the conies't of tancet gene theiapv, {lie in\enUon comprises ussng 
ruodilicd taitored) tumor antigens or taiiior anfigen? dcn\ed itoni hetcrokigous 
spei.ies to break intiiiunoiogicai tolerance a d indiice a ciosri-reactise titimime 
iespotwe agani^t the corresponding nat!\t.- or sL'lf-anugcn I or exatrtplc, 
inirnuni/ing immanf: against tnc human ntelmoma antigen gpKK) requires 
breaking tolerance against a seU-aittiaen As siiowii bclovv, tlie uso of the non 
soIf-ant!gen can proside protecti\c immuuit> and umiot reduction m y:\\i 
in munuation ai^d therap>' are acconipHshed b> art\ <if the iol'owmg methods, 1 } 
administratiott or a vectos vncoding altered tumor antigen or antigen from a 
hcterologr-us species. 2) infecting deadntic cells t-x vivo or iu vivo ^Mth the same 
vector, or 5i lise (d'tiatisdticed dendnuc ceils or APi.'s to stimuiato production of 
an enriched poj uiatjon of antigen-spccjfic imitiunc eltectar cells that can be 
adoptheh transferred aito the host 

Antigen presenting cclb such as dendritic ceils aiso arc useful to expand a 
population ol immune effector cells that spcciikall) recognve and Ivse the cells 
presentmg the hctciologous mttigcn and its nati\e or ^clf-connteipatt 'I he 
expanded iminuuc clfccior cell poptdations .md then use in putphxlacticai and 
therapeuticai methods also are provided herein. 
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BRIEF DESCRIP TION OF TH E FIGUR t^S 
Figures i A ihrough )!> .shcTvv the resulis of immunizing' mice wiih 
syngeneic DCs. rive female C37FiI...'6 rmctf- (represented by five differenf 
symbols in iht; panels) were immuvjized wiih B16 melanoma using dendritic ceils; 
5 Tfan.slotled with Ad vecior efjcoding hon-jologous mouse gplOO versus 

iieieroiop,ous human gplOO, 

Figures 2A through 2C shosv induction ofCTL activity tbiiownig 
immunization vviib Ad2.'1uigpUJ0v! N-ector or Ad2/hugp I OOvi -transduced DCs. 
Spieens from groups of 3 aiiin^yis were collected 15 days after i,v. administration 

10 of vehicle {Figure ?,Aj, Ad2/htigplO0vi- transduced DCs (Figure 2B) or i.d. 

delivery of Ad2/hiigpi00vi vector (Figure 2Cj. Fooled .spleen cells trom each 
group were re-stirnuiated in vHro with syngeneic SVB6KFiA iibrobiasis 
ininsduced witli .Ad2.'hijgpi00v ! and were k-sted for cytolytic activity after 6 
days of ctiUure. Targets consisted of B 1 6 ceils wd SVliS6K.f {.A fibroblasts 

15 untraasduced or transduced with Ad21iugpiO(Jv 1 or wild type Ad2 de^et^^d for V:3 

(SVB6KiiA-Ad2A2.9). Figure legend: (-•- Bi6: SVB6KMA - 
Fintransduced: - A- SVB6K]iA-Ad2/hugpl(.)0vl ; -♦- SVB6HA-Ad2A2.9). 

Figure 3 compares tiie effectiveness of imnuinization with DCs transduced 
wiih .Ad vector encoding various ntelanoma-assoeiated aiitigen^.. Tlie figure 

20 siiows the evaitiatioii of liie nattire of the anfigen. Figure legend: (-L;- 

Ururansdiiced DCs: -o- Ad2/'hiigpi OOvl DCs; -o- Ad2mgp}00 DCs; -A- 
Ad2/r).iTRP-2 DCs). Groups of 5 C57BL.'6 mice were injected i,v. with 5xlO' 
DCs that were either untransduced or transduced with Ad2;hugpl00vl. 
Ad2/mgpI0fj or Ad2/mTRP-2 vector. Flie animals were chalienged 15 days later 

25 with a s,c. injection of 2x I O"* B 1 6 melanonia cells, 

!-igua> 4 shows the frequency of gpUJO-reactive splenic T iymphocytes 
following imm:unization with Ad2/hugp!(.H.>- or Ad2/emptY vector-transduced 
DCs. Spleen tells from immunized mice were stimulated in vitro with a cytotoxic 
I lymphocyte peptide epitope derived trom hugplOO (open bar); or the 

30 corre.'^ponding epitope from trigpl 00 (solid bar). An ovalbiimin-derived epitope 
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Vx^H u'cJ a<- d noj;aint„ ^.i n*'oi {hatched bai ) 1 Jv pi nnet >t ! Km ^ho^.^to^ that 
futJuccJ ■{'\m^. ttron upon rccogniuon 1 1 yK-fti k \\as nci'-u, l-J bv el ^no\ 

M ODTslORC \RR'ifSr»t>i 1 I HF TW ! \ H< )N 
! hroughout fhw disck'surt, ^.aru>u^ }>i ^ihu >tiors p utn s <:!nJ pulihsbeJ 
patent snLt,jf,i,aTton^ au" icteKiica! h\ an ideiUiUsnu ci at on fhc Ji^cloiiUKs of 
t ifcsc puMk ittuns p ire iiui nuMtshtti p^'tciU spet^iik «U(>u^ ast. hereb-, 
into potatcd b} jefwienvc it'lo the pie^ont di^^clo^ute nioro ml ^ oosc Oe tiu 
^1 'to M tnc art a) \'*ltii.h tnu invcnLion pcrun^ 

Deft tin urns 

llii. prautjce ot the picscnt imentit-u n ii tnpiox ui■!le^■> otherwise 
indiuviL'J comcniitnta! td'hiitaut,'- ot inununolous, mt^lemlai bKf!ot;\ 
tiiji.rot>iMlog>. (.til biol.it!\ f nd te*. on lb] nan t D\ '\ v tiiLh a.e wiiim tnt' skill ot 
tbt ail Sec, t ^ SatiUmx>t., Fnt^th aid .NSan.aiiis, MOLfcf 1. 1 M-^ cLONtNo A 
J \r>t){<.HfKV MAK5 A! , '"-eJmon (3989n.l KKl \ 1 PUOUXo, s [\ 

L^>^^tOL^Al^ t Xcaacmie Pre^s Inc ) fu<„ ^PR\L!fc\. \ppro\(.h (\f F 
Matrherson, B I) i iames a ui U R I a\ lot fdb ( 1 9V5 }} I ias low and Laiis, ed. 
JOgOi A\n[ ()D!;;b MABOK-^iOR^ MANl Ai and '\^^^ni LIN ClJLf (R I 
} 'Cvhne\,td (1Q87)) 

Vs u^od heiLin. certain tcmr ma\ ha\t: th<, ioliov^ng defined meaJlmg^ 

-Vs usea n tht Npct,iiiLation and claims, the sntguler foim a , 'an" and 
' tht' iiKlude piura. rtterences unices he conteNt ckatJ^ diaatcs othci-wjsc lu r 
e\ampb. du tcnn a cell ' uiehKkb a pkiraht\ of cells, ni^^iudru Jtixtiire^ thctcof 

The temi ' geneticaii% modified nica.r ntasnu-'g a id ot expressing a 
iortigii ^ene or nucleic acid scqucncL whidi n\ tuin. meditx^s the gLnot>pe oi 
phc ot\pc ot the tell or Us proL'cns In other \vojds it retcrs to an\ addition 
deletion (M di ruption tu a celfs endoiJenuiK lu^-leotuks 

As used hcrtitn tht. tern' " cxtokmc"" tete ■> to an> o \c nt tiit,- mtmeruijs 
iactors that exert i s-arifts of effcct<? on cells fo' txampie mdnerig giowih ot 
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prolifcmiion. Non-iiniiting examples ot cytokines which may be used aioriC or in 
combination in the practice of the present invention include. imer)cukin-2 ijl.-2i, 
stem ceil factor (SCF), intcrleukin 3 (iL-.T). lntc^!eukiI^ 6 (11.-6), inierieukiri !2 
ffL-i2), G-CnI-, granulocyte niacrophage-coiony stimulating factor «'GM-C.SF). 
5 intcricukin- 1 aipha {IL- S a), interleukin- U s ! ! - U ), MIP- 1 a, leukenna itihibitory 

factor (l.U\ t:-kit ligatid, thrornbopoit'tia (TPO) and fltj! ligand. Tht- preyeiu 
invention also inchides ctshure condition-s in which one or more cytokine is 
spccillcally ^^xcluded iioin the medium. Cylokiiies are commiircially avaikiblc 
from several vesidoj-s such as, for exampk-, Gt-nzyme (i^iamingharn. MA), 

10 Cicneritech (South San fTancisoo, CA). Amgen (Thousand Oaka, CA), R&D 

Systems and immune.^ (Seattle, WA). it is intended, although not always 
iL'X:>rtt:itiy statecl that inoiecules having stmskar biotopicai acuvity as wiid-iype or 
purified cytokines {e.g., recorabinamly produced or niiiteins thereof) are intended 
to be used within the spirit and scope of the invention. 

5 5 The term '"antigen presenting celi" ("APC"), as used herein, intends any 

ceil which preseati: on its ,surface an amtgen in a,ssociation with a major 
hi,>^iocon5patibiUty complex moleciik-, or portion thereof, or, aiternativeiy. one or 
more non-classicai MHC moiecules, or a portion thereof. E.xamples of suitable 
APCs are discus,sed in detail belosv and include, but are not lirnited to. whole ceUs 

20 such as macrophages, dendrite cells, B celks. Itybrid APC^s, and foster antigen 

presenting ceils or other cell type(s ) expressing the necessars' M.HC ana co- 
sttmuiatory molecules. Method,s of making hybrid APCs have been described. 
See. for example, imernationai Patent Application Publication Nos. WO 98./467S5 
and WO 95/} 6775. 

25 L>endr[t!C cells CDCs) are potent atiti gen -presenting cells, it has been 

shown that DCs provide all the signals required for T cell activation and 
proliferation. These signals can be categorized mto two types. The first type, 
which gives specificity to the immune response, is mediated through interaction 
between the T-ce!l receptor/Ci.>3 (" rCR/CD.V) compiex and an antigenic peptide 

30 presented by a major histocompatibility compiex ("Mi-^C") class 1 or II prote-in on 

the surface of .APCs. This interaction !.s necessaty, but ncrt sufficient, for T ceil 
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acti viuion to occur. In fact uitliout the second type ofsignais, the first type of 
sigrials c^ii resuU in 1 cell anergy. The second type: of signais. caikd co- 
stinuiiatopy' signals, is neifKer anvigetvspecif tc nor MHC-resiricu-d, and can lead 
to a fuii proliferation response of T cells and induction off cell effector fnnctions 
5 in ihe presence of the first type of signals. As used herein, "dendritie ee:l" is to 

include, but not be limited to a pulsed dcndrttic cell a foster cell , a dendritic cell 
hybrid or a genetically modified dendritic cell. Methods for generating dendritic 
cells from peripheral blood or bone Enarrow progenitors have been described 
(Inaha et a!. (1992) J. Exp. Med. 175:1 1 57; Inaha et a). (] Q02) I Exp. .Med. 

10 .1 76: i 693 ■ i 702: Romani et al , ( 1 994) J . Exp. Med . 1 80:8 >9::! ; Sali usto et al. 

(l994}J.Exp. Med. 17»):1 109- li 1 S; Bender et al. ( 1996) / hmu. Meihods 
196: 1 2 i - 1 .) : and Romani el al , ( 3 906) ./. Jmm Me.ihods j 96 : 1 .57- 1 5 1 ) 

"'Co-stimulatorv molecules" are molecules involved m the interaction 
between receptor- iiga.nd pair.s expressed on the surface of antigen presenting cells 

15 and T ceils. *-Co-stimuiatory activity" was originally dt;fincd as an activity 

provided by bone- marrow-derived accessory ceils sucii as macrophages and 
dendritic cells, the so called "pro.fessiona!'' MKs. Several nioieeules have been 
siiown to enhance co-stimulatory activiiy. fhese are heat stable antigen (flSA't 
(Liu Y. et ai. {1992^ J. Exp. .Med. 175:437). chondroitin sniiate-modified MliC 

20 invariant chain (li-CS) (Naujokas M.F. et al. (1993) Cell 74:257). intracellular 

adhesion snolecuie 1 fIC.AM-l) (Van Sevenler G,A. (1990} .1. Immunol, 
144:4579.}, B7-1 and .B7-2.''B70 (Schwartz R.H. {1992} Cell 71:1065) and B?'s 
counter-receptor CD28 or CT.I..A~4 on T ceils (i-reeman et al. (1993) Science 
262:909; Young et (1992) .1. Clin, Invest 90: 229; and .Nabavi et al, (i992) 

25 Nattirc 360:266}. Other iniponani co-stimniatory molecules are CD40, CD54, 

CD80, CDS6. As used herein, the term "co-stimulatory molecule" eitcompasses 
any single molecule or combination of molecules vvhtch, when acting together 
with a peptide/MHC complex bound by a TCR on the surface of a \ cell, provides 
a co-stimulatory effect which achieves activation of the I cci] that bmds the 

30 peptide. The term thus eneompas.ses B7. or other co- .stimulatory^ molecule(s) on 

an amigen-preseming matri.x such as an /\PC, iTagmcms tiiereof (alone. 
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cortipit;\ binds lu a ^ ^L'ti i iis^a'id .iaii rt'ii I*^ iii 
aunaui.p V , iK ' li Aueii ICR on tnc niiia^c Sk I ^cii spcuficaiU 
bnuK tfu pr .HjJ. c (t-sumuiaton moiecules <!>■<? imjvucuiiv I'vaiiabk irfm j 

although itti ,ih\,y , o^pl citiv Mated thii moki,u!j- havirji uin Lr biolo^n.al 
a;.t!\)U c s xmU -t\pL lu piinficd cO--iUmijUor\ lokci'jes (i, j . recrmhi la ■!tl\ 
proiktf. cd or nuuuns fheiei f i art. jntenJed to ht. lood wuhm the spjnt iitj i s<n^t. 
tlie invention. 

lUMi.rm .mtiLCn" isiAed m it , broadc-- -.uvi. and itKiudcs riintma! 
t-piiop^s .uid . h luuiL uiokcuiL^ m ad iuiui! tct l^ol Mtd iull cngth pr ){t.ui- \ 
seii-amue i ai<-o K'fcrreJ to hcrcm as a natn c anti^vii is an .itjtijrnt,. pt-jntdc 
.hat m!.iLi.s U'tk (fj tK) immune rttpojiiu hi tic sui-Ksi juo to s^li-tnlcraut.^ i > lii^t 
auliL'er An evimpi^ a seif-a lUgcn the nn, anonia nnjoor gplOC 1 he 
15 antigen s^f thi^ \act.inv. i-, hetoroiot'om (3 c cJlngcnct. a hoinoloi^v tront .'n 

sohtcii spc(.5es e v a uninrt auli^ui adnt nistei^d to ^ human wticiiti in an 
'alttiod antic^n as ^onipartd t'^ thu corrcspom i ig natJ\t selt-antigtin i he 
hcterolouoas >i ahtjuxi anuj^cn also car bcnuu^ b\ chemica! s\nt-!csts 

Ine tein. immanc effoaoi cc!K rcici . to lJIs wipabSc orbi uimg an 
20 aniiocn 01 whi<_h medirtc mmunc rLspon^. ! bese IK iin.lud.% but ue w 

hnnted to i cc], , B vtlK. monocNii, , macuv^^a.'t.'- \k tc)is lad c>toti \sc ( 
hmpkx-vtes CI L-)Joj exampit C 11 hue- C Tl donos and C irom tumor 
mflamriaiorv o otiici jrliltratcs (. ertain di<;t.asc ] tibsue- e\prt;-i^ specuU 
antigens and (, U > ccitli, to these antigen ^ ha\ e bet n identjfiLd I or <_\ampk 
25 approxundtL-K <S{'" i t mLlrnomas e\ptos^ the anfgeii kuourt a^ gpIOO 

The tctni 'itnmune etfeaoi mok-ciut' ^s used hert;in, refe s tt> nu^iecuk'- 
capable ot antim. 1-^pvLjlu Itindiiijj am 3iit.juaes antth>dic«; I clU airmen 
icccptor> and M)U ( lass 1 and C .ass {{ nnkcul<.s 

\ * nane innnuue effectoi ttll is an tmntm. eftectoi t.t.11 that has ncvei 
30 been e vpi i^it d to an antigen 
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As us^u ner<.in. i-ic urrt cduc iied <im\i;on spccdis, nuiv cftvXKM cell 
uui.iune eiitcun (.ell .kttntd ubo\c \\h5t.n has cti^ountt u\i ant!e!,n and 
"iuLh 1- speLitic tor mat aiiugtr \n eaui..Ut.d antucn ipcLi{\ inmun-; ^.tcctui 
Ctih miv be at.i!v<jted .pon b nomg u.y^'cn impiies th tf t k v.v-!l is no 

5 Icix'i^i^r m Gf, photc. anJ bcgms to psodjcc c> inkmes t hdrac'cuM.t. ot iht- l.^I! t>pe 

tot c\.nipk- actuated C '*4 1 c<.i!s seno^e ii -2 ^nd h<HO a higni-i nutnkrt'i 
aiga ad.nil} 11 -2 rci_v.'pu>rs on thur l.v1i Mirta*.!,- teLnixo lo jLsU'ii, cD-^-^ I <.eLs 

\ ptptsdt o- pohpt^ptiat, of tilt. )a\entioTj ui i\ b^; piefei.nUK-^IU .lcoi'iis "ed 
b^ aiU jTcn-spctiUc nnmuns. eftCi.tot lc K such as B ueiK ^nd i i,tlh In tho 
10 context o{ 1 celh thctetti rt-.o^in/i. T inU'uus tba' . j't-pUut' pohp^pjd J of 

th>^ in\<.'nt!ori co'-nprissni.' one or most svtniit ul antii-'tntv. t'punpj- ts rocO{ini/cd, 
1 V . i> pjvscnlcd on tbo ^lUL.cc ot .n] \PC logetbei \\uh u e buiind tot a'l MIK 
niokculs^ -n -.tith .t \\a\ that a 1 ktH as iiLt.ii Jtveptor 1 1 ( R) ou tlx sur.at,o ol <iti 
ant'ccn-ip^rihc f >.cli hitids to diL (.pitone wht-rom such r*!ndinj.' rosuiTs i i 
15 awii\ntu'n ot ihc i cfL Ihc temi 'piiMcrt-niialjv rt-cogni^od mtords ta. t a 

pt i\pcptKie oi -he inxentton -s subsunjualh recogni'eJ, a dohuCvi abose tv a T 
ccJi spvv-Ulc U>i an antigen A&sa\ b kn dt,tt,t mining whtihcr an i,pilopv is 
ret.onii7td an nUigcvspet^inL J lcU ^la know.i m tht urt and aso dosinhcd 
herem. 

20 The teim ' s>rg: rch ot aiitoiogc us' as ust^^ herein, jnUii-a es Uw- cnujn 

ofaceli Inus a cell bcmu aaminj'^tcad to an mdnidual {tlw reLipjcni ) is 
,1 ito^it'iieje it the teh was den\Ld ttu-n ihat indiMdual (the ' do -joi' ) oj a 
ycne*Kai]\ idcniicai n diMdiul An <-\nuent:ic ^cil can aKo be a proat'nv td an 
^% ugoncjc ceil I he ternn also mdicatcs tiiat cellb ot d]tt;.reut i types ate 

25 d^.nved irom the same Jnnoj or srent-ucalK identical donor Ihus, an eftti.tor 

ceil ^nd oti XHijien orescming ctll aic =uid to be $>njjene]c if riicv \\eie dt,ti\t.d 
Horn the ^amc donor or irom an indiMduai geneuca h tdcnttt-al to the donor, or li 
thex ate ptogen> of celL> den\ed tiom tht same donor o- liom ar mdi\idin] 
geneiicailv identical to the donor- 

30 bnnilrrh , the term ' alloizeiictc as iiscd hereiri mdicite. i ie oni'Ui >j1 a 

ce!' Ihu^ a cell bemg admtniitcreu to uiduiduat (the ' iLCiptcrt' is ^jlogeneK ii 
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ttie cciS dt^tvoc trotu an individuai not gcui.t!vc!h iac-i*tt\-ii to iK- "cotpjcnt, 
m pan;cu)ar. lul unr sciak-; to non idenun jn c\prcss,jd MIR mokxiiltN An 
ajiosenujv lcW t jh aKo a pr<)eoii\ oi an aiicgont ic cell I -it tenr aUo 
mdicutc^ ihA oi ditteiw'nt ccJ t>poh an, d<.n\ed +rom L'cr!t!'[,_ail\ nnii- 
5 idcntKai tionott -n it t'R\ ar.- frogcn> o* <.cUs den\od rjo.n jcnet.ca!l\ mhi- 

Kiemii.a5 dorof^ j or example, an Al'f is said to x a) o^-OiKn. to m eAi.aoi 
il tnt\ ate aLristJ in m geaciicaiU no'i-identical donors 

<\ 1n bnd toil "ckTs *o dicli m^i both anngor pscsoiiung capabdttx 
and aiso^^pros^os one or more <^pccift< tiitii3,ens In ot j Lmi-iiJunt^ni tlsese 

10 h\btid celK jto fotoi^ \ t^<^ tUMng iun\ wuL tf a. are kn^^un to 

eAprv.ss 'he one oi i lotc aniu^on^ <d intctest 

1 ue tcnn oalttuii a teitt- t. tht />? i-j/o prop^-ga'ion ot eciK or 
orjiantsnis 'in o-- m mci^'ia ii; ^.'tiitaib ka^K It is unacr^^ood dnt the Jc^(,t;ndants 
ol a ceU grown in cuitnrt, n)a> nut be <.ompiciel> identical (eitlier 

1 5 morphok jjicaih , junettcalh , la phenot> pic all) to iie pare-it jell B\ 

'expanded" ks nicant an\ ptoUicKaion oi dniMon <>1 ceJj 

\ '"''ubieL*" is <i \t!t<.hrate, prtlerabK a n-amnia! mi prtkrably a 
haman K{ min-als luchidf . bat are not limited to nuiine?, simian';, humans larni 
animais sport animals a id pets 

20 As used htfCLii, ' cxprcijbKUj ' lefets to tht. process b\ which 

p(il>nai.k'otide-> aie traii ^Liibed into mR\ A. and traas attd mto peptides, 
poh peptides, or proteins If the pui> nueleotidc ts derived irnm jt.nom c DNA 
expressjoti mav 'neiuda sphcmg of the mR"N A., if a i aj'ptopttate eukarvoac h'«t is 
s<.Jcctcd Reguiatoiv elements icqutred fur e\prt:bS!'>n inLiude promote! 

25 stiLjuen^es to bmd R\ \ polymerase and trai^scnption iritiation sequencers tot 

rtbosome bind.iu J i-r exaiTtplc, a bacterial expression \eetur ricludes a p omutcr 
feuch as the lac promntar and foi tianscnption initiation the Shin-^-Ualgarno 
sequtnet; and tbe .vtait codon AUO (Sa iit)rook ct al < 1 Supt,.! t Simiiaj ly, an 
eiikar\otic svprast,ion ^ccto^ includes a heterologous i.-r humclogi us aiojimtt-t fo'' 

30 R\ \ polymerast. II a do^Arslrcani poUadcn\iatun) signal t.ie statt codon 'M^O 

and a tt;rmmation codon An detachment ot the nooson-^c Sn,.h \ectnij can be 
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obiained commerciaiiy or assembled by the ;;cqucnccs described m methods weii 
known in the ait, tor txajuple. the methods described below for construcunL; 
vectors m general. 

The terms "major histoconipatibilisy complex" or '"MHC refers to .1 
5 complex of genes encoding cei!-suriace moiecufes that are required for antigen 

presentation to i" ceils and for rapid graft rejection. In humans, the MIIC uimpiex 
is also known as the I n.,A complex. The proteins encoded by the MHC complex 
are known as "MIIC molectiles'" and are classiHcd into class 1 and class 11 MHC 
moleculci:. Cia<;s I MHC niolecnies ijieiiide membrane heterodimeric proteins 

10 nmde tip oi an a ciuiin eiicoded in the MfIC associated noncovaientiy with 

rnicroglobuiiti. Class i MI IC raoleeales are expressed by nearly all nucleated 
cells and have been shown to function in antigen presentation to T cells. 
Class 1 molcciiles inchide HLA- A, -B. and -C in humrins. Ciass 11 MHC 
molecules also it^clude membrane heterodirneiic proteins consistmg of 

15 noncovaientiy associated a and f> chains. Class 11 MHC are known to participate 

in antigen presemation to CD4" T cells and, in humans, include !{i..A-DP. -DO, 
and DR. The term "MHC restriction" refers to a characteri,stic of f cells that 
permits them to recognize ainigen only after it is processed and tlie resultmg 
antigenic peptides are di,splayed in association with either a self class ! or class 11 

20 MHC molecule. Methods of identifying and compariijg MHC are well known in 

the art and are described in Allen M. et al. (19941 Human 1mm. 40:25: Santamaria 
P. et al. Human Imm. 37:39 and Hurley C.K. et al, (1997^ lissue Aruigens 

50:401. 

The term "peptide" is used in its broadest sense to refer to a compound of 
25 two or more subunit amino acids, antino acid analogs, or peptidoraimetics. The 

subunits may be linked by peptide bosids. In another embodiment, the subunit 
may be linked by other bond,s, g. ester, ether, etc. As used herein tiie term 
"amino acid" refers to either natural aiid-'or unnatural or synthetic ,aminu acids, 
including glycine and both the D or L optical isomers, and amino acid analogs and 
3Q peptidomimetics. ,A peptide of three or more amino acids is commonly called an 
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oligopeptide if ihe peptide chain is shorL If the peptide chain i? long, the peptide 
is commonly called a polypeptide or a protein. 

A "coniposition" is iniended to mean a combination of acii\ e agent and 
atiother compound or composition, inert (for exampie. a solid support, a 
5 detectabie agent or label) or active, .snch as an adjuvani. 

As used herein, ^-soiid phase support" or "solid support" used 
intcrchangeabiy , is not limited to a specific type of support Rather a h^rge 
number of supports are available and are known to one of ordinnrv skill in tjie art. 
Solid phase supports include silica gels, resins, derivalized plastic films, glass 

10 beads, cotton, plastic beads, and aktmina gels. As used herein_ ~\soiid support" 

also includes .synthetic antigen-presenting matrices, cells, and lipostmics. A 
suitable solid pliase support may be selected on the basis oi' desired end use and 
suitability for various protocol.s. For example, for peptide synthesis, solid phase 
support ntay refer to resins such as polystyrene [e.g., PAM-resin obiamed from 

15 Bachem hic. Peninsula Laboratories, etc.). POLYHIPE® resin (obtained from 

.Aminotech, Caiiada), polyamide resin (obtained from; Peninsula Laboratories), 
polystyrene resin grafted wifri polyethylene glycol (lenlaGel®, Rapp Polymere, 
Tubingen, Germany > or polydimeihyiaciyiamide resin (obtained from 
Miliigen/Biosearch, California). 

20 A "pharmaceutical composition" is intended to include the combination of 

an active agent with a earner, inert or active, making the composition suitable for 
diagnostic or therapeutic use in viiro. in vivo or (-fx vivo. 

As used herein, the term "pharmaceutical ly acceptable carrier" 
encompasses any of the standard pharmaceutical carriers, such as a phosphate 

25 buffered saline solution, water, and emulsions, such as an oil/watcr or water/oil 

emulsion, and various types of wetting agents. The composhions also can include 
stabilizers and preservatives. For examples of carriers, stabilizers and adjuvants, 
see Martin. RFMINGTOWS PH.a.rm. sC! . 15th Ed. (N4ack Publ. Co.. Ea.ston fi975)). 
An "effective amount" is an Euttount sufficient to effect beneficial or 

30 desired results. An eiTective antount can be administered in one or more 

administrations, applications or dosages. 



12 



wo 99/46992 



PCT/l3S99/06e39 



i lie tc- 5) ininmaM t5od'!i,ttor\ a^t-nl is \ :><.J herein ' ^ a moiecu e ^ 
iiucromoki i,\ Liupp t,\ n t v.t l\ ibdi 'T^oduUili.^ an immune lo^ponse atK' 
viiLonina-sus a s^ iuhctit, antigenit. pcnuJc of i\c ftncntion aiont or in ans ol d 
\ VH u oi umim oiA describe J hean, a poi\puptkij; conipn^iig j s'.nthctsc 
«ujg!.iij^ pLOtKic ut tht melltK^^u a puis imt ten >kL' ent odir.;: a peptide o 
po!^ fi pt.ac il L jn\om!on, a s\nf antiaonic peptide of the in\emn>!i boti x 
tii ' C tas-, f o a ( 1 iss II MI!C moL'Cuie Oii an aui'f cn-prcscnting mctiiv, 
uKjutiinfc, an 'VP' and a sx.itheUt. aiita'cn pa^^euir ^ mali.v (in tho pre -t. nee O'- 
ibsci <.c vu-^un,uLilor\ niok<.ulc(^)^ a i,M:the' c antu^'eniL pcpndo ot the 
in\t;iU<Hn.f>\ak'iith or non to^aientK tonip c\<_d lu anuthcr tTiokcukfsM' 
niacron.o e^u aj ^yuc^utt. and an oJutaicd mtiKt"'! sptrciflc iiijiniUK tlkc'oi ccH 
vJiKh IS ^-pccifio tot a pepttuk n» the m\t,ntu>r 

TI e ttnn modi iatt au nnnmiK" response mdudcN mdut^m^' (m^reaMn^ 
ciiLifnjj \n immuue resrou^i, and icdiKmg touppas^ji!;;} an unniunt- rt-s -■oii'^t. 
An !mmunnm\lulauii\ method (or piotiXtih out. thai nioduiatts an Emmint 
response in a subject 

\s used iiorcin tie teim inJi cnig an >mnuine rcspori>c m a yij- )c<. . a 
.c'-m V ci! luivieistood tn ihx. art and inti-iids that ar in^ieavv o{ at icast ahoiK 
fo!a nii rt prclerablv it least ahoat ^-^oki ninte preterabh aikasTaboiu \ 0-iold 
more preferabK at I'^t about lOO-tf Id cM.ii nioic pickiabh a* kas' about ^0(^- 
foki, even inort; pr.,{etabh at iea^t about ]i)\>U tuld ui iwtl nt aij irnmunL 
response lo an antigen (or epitopi. Kan be detLuted (measured) < ttti nitn dunn > 
the a itigei" (at tpuopc) into the aubieet reiatne to the in iiusm lesponse ul an> ) 
betore mttocuetion oi the antigeti (or epitope} into the vibjeet An niiimi le 
respo.-i^e to at) liMigcn (or epitope) nicludes bir is not limited to, production lA 
an amigeivi,peejfic tor epuope-->ptt.tric) antibod) and production ol ,m mimune 
Culi expressinj^Min tt-> suifai. e a mnicc.u!e which spc^ Heath bind->toati mtigcr^icr 
epitope) Methods oi detetniirung uhtthtt m imniun" rt■ipl>n■^e t ) a i^isen aniigcii 
tot epitope} has been maticed ait- \^eil Liouu m .he art foi e\ai ipk ontigeis 
; lecuiL .uiuK d\ tail be detected using atn oj t \anet\ ol iminuiioisM^s knoun 
m the an ineiuaing but i.ot iiriited to. ELiS V s\ herein, tor c\ampk\ b nc'ing ot" 
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an antibody in ti siiinple to an iinrnobiiized amigen (or epitope} is fkiecied with a 
deifCUibh-iabeled second antibody is.t;., cnzyme-iabeled mouse anti-huauin Ig 
antibody), hjimunc efiecior ceils specific for the atiHgen can be detected any of a 
variety of assays known lo those skilled in the aru inc hiding, bin not limited to. 
5 •■' '■ Cr-relea^je assay *f{-i bymidme uptake assay s or induction oi' cytokine release. 

As used herein, the tenn "a disease or condition related to a population of 
CT>r or CDS" T cells" is one which can be related to a populatii>n of CIM' or 
CD8-^ i cells, such that these ceils are primarily resncmsibic ibr the pathogenesis 
of the disease: it is also one in which the presence of C:D4'" or CJJK ' T cells t:s an 
10 iudicia of a disease state; it is also one tn which (he presence oCa popuiatioii 

or CDS" T ceils is not the primary cause of the disease, but which ntays a key loie 
in the pathogenesis of the disease; it is also one in which a population oi'ClM' or 
CDS" T cells mediates an undcsired re-cction of a foreign antigen. Exampiei; of a 
condition related to a population of t;i.)4' or ' T cells include, but are not 
15 limited to, autoimmune disorders, graft rejection, inimunoregiilatory disorders;, 

ami anaphylactic disorders. 

As used herein, the terms "neoplastic cells", "neoplasia'', "tumor". '~i«{rior 
ceils", '"cancer"'' aiid "cancer ccihf\ ttiSiiJ interchangeably) refer to cells whicli 
exhibit relatively autonomous growth, so thai they e.^hihit an aberrant growth 
20 phenotype characterized by a Significant loss of coturul of cell prolifen-tion ( i.e., 

dc-regulated ceil division). Neiifiiastsc cells caii be malignaiit or bertigrj, 

"Suppressing" lumor growth indicates a growth state that is curtailed when 
compared to growth withotit treatment or prevention as described herein, "f umor 
cell growlli can be assessed by any tiieans known in the art. including, but not 
25 limited to, measuring tumor size, detenninhig whether tutnor cells are 

proliferating using a 'H-thymidine incorporation assay, or counting lumor cells. 
"Suppressing" tuniur eel! growth means any or ali of the following states: 
slowing, delaying, and stopping tutnor growth, as weii as tumttr shriiikage, 

"Host eel!" or '■reeipietii ceif is intended to inchide any individt^aj cell or 
30 cell culture which can be or have been recipients for vectors or the incorporation 

of exogenous nucleic acid molecules, polynucleotides atid/or peptides (or 

!4 
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pt hpcpuacsi It d NO 1 .intended to irdude ptotv'j\ of a sin.'iL coii and the 
prn^cj5\ n\j% not no^cssitth be compictch idctULa' (ni iiiorp w! or hi 
geroniK u rut tl \ a n^plemcnt) lo Jk* . ngiiut xfft^jr cc i Jue to luitural 
.i.cidt.t tai 01 di-lsberjte nuitaliMn ihs. cells n d\ Ic jm). .ivotif or CDeiijorK 
5 end I'ithi k hut h . n >t hmued tu bai.toru> ^.tlis s^.-st cJK auim.d lcHs dnd 

mammahan cci.s e nunrn, r.n, simuji o^ numtii-i 

I he iLrm i>( iatcd t eais fcparaiv.d ij, m Loii-nnicms cellular axid 
othetUH, I'l Ahjcnihe p<ihmc.ei.tiJt pcptuie pcl^peu-iU pioteui, antiKxU or 
tragmonts iheieol itt t (jnnallv dSMXiated wi h m natiu^ To evimpk ^vjtJi 

10 r<,opcct to i poi\rit- ie'>tide, an )S(>iatt.d pi>!\ na «. )ti k is cae that li, SLpaiaied 

horn the and sequvntcs v.i*r) wh^h it !^ twnnalK aN>i>t. ate J tn the 
thron-'i-onjo \s apparent to diost, oUkiII -i he a non-nmralh uocmnnu 
polsnuelfcotide i>.^pjJ.' pohpcptidc piottia anibodwor lagn cnts there. it d^ies 
not tet-jiiHs" isulatiiH ' lo distinguish n horn u- natiuai > ot.i.uinng eouuerpan 

15 In addition a (.orte.nrated" 'stparatcd ' oe dilukd poA tul k'Otide, '■'cpridt, 

poi\ peptide pHuei i a.nibod> ot bagnKiiis theien , ts dj-f niiii!<=hab!e Tom its 
naiunlh Occuitirg Lountctpajt a thalihv i,on^cntrat oi oi numbered moiec^iks 
ps^r \olumf gte itkt tiui i conctutrated or k*ss th m sepaiated" ihaa tha. ot its 
luituiaiK otLtiiiJ! ^' cutititei-pait \ po vniki^-otKc pc^ntJc polspentice pu/eii 

20 antibod) m Iriemert-, ttieicof \^luch diiiet- trcm ih^ aaaiiatb, oei.uinn(i 

counterpatt m its pnjra \ sotjutiKeoi h>r evjtnple b- iti, gKcosvlation natti.ni 
need iiot be present ta its tsolaieJ form since n is> dL-.tuieukshable irom u-? aa^Uial!^ 
ntcurnng couiueipan b\ as pnmarv sequence or a iLrnU!\eiv bv another 
chjiaeterifettc i,u>,h a-- gKco \iation pattern \h loi L'h not expliculv stated io^ 

25 cai.h oi the inventions disclosed herein it is tc be unde ^tood that all of the ib>ns. 

ernbodimerts tor eat-'t ot the curapo&jtions disulo<^ed below and under the 
appropriate cundtisoii^ are provided b> this in\eati<in Ihu*-, a non natii aii> 
oceuning pohnuetOL.tide is provided as a separate embodiment Ironi the isolated 
natural! / act iirum niK leotidc <V piotein ptoductd in a hattenai teh ts 

30 provided as a -epaiate embodiment trom luc natiiiaj\ ovciir'me protein isolated 

front a ei;kar\otiv clH .n \^htch it is produced 1 1 nature 
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As used herein, the term "coniprisini.'" is intended to mean thai the 
composiiions and methods include t.he recued ekrnents. but nor excluding others. 
"CoiKisiing essentiaily of when iiscxi io define conipositioni. and methods, shall 
mean excluding other ele!nc;rit.s of £jn> essential significance to the combination. 
5 '1' hus, a composition coaaisting essentially of the elements as defined herem 

would not exclude trace contaminant? irom the iso]atioi:i and puriflcaoon jnethod 
and pharmaceutically acceptable carriers, such as phosphate buffered saline, 
preservatives, and the like. ''Consisting of shall mean excltxHng more than trace 
elements of other ingredients and stibsiantial method steps for administering the 

.10 compositions of this invention. Bmhodinicnts defined by each of these transition 

terms are within the scope of this invention. 

This invention provides improved cancer vaccines arid methods of usinsi 
the vaccines to indtice an immune response to a native self-antigen in a subject. 
•As shown in the expertmental examples below, the compositions and --nethods of 

55 this hiYcntion provide protective immunity against growth of lurnor cells vivo 

and a means lo inhibit the grovsth of tumors in vivo. The methods also induce 
tumor reduction of established tinnors in vivo. For purposes of immunizatiot^. 
heicro!ogous./ahered antigens can be delivered to antigen-presenting cells as 
prolein./peptide or in the fonn of polynacleotide encoding the piotein/peptide. 

20 Antigen-presenting cells (.APCs), as deiined above, include but are not limited to 

dendritic cells (DCS), monocytes/macrophages, B-lymphocytes or other cell 
lypeCs) expressing the necessju>' MflC/co-stimulatory niolecuks. The inethods 
described below focus primarily on DCS which are the most potent, preferred 
APCs. 

25 Tifis invention also provides an isolated tiovei. heterologf>us or altered 

antigen that is capable of inducing an imnutne response against a selfaniigen in a 
subject, an isolated nucleic acid encoding fne antigen, as well as vectors and host 
cells containing the nucleic acidK, Methods of replicating and expressing the 
isolated nucleic acids also are sviihin the scope of this invention. Vectors and 

30 methods .for ;>? vitro and vivo tran.sdtiction are briefly described hciow and are 

well known in the art. The incorporation and expression of the exogenotis nucleic 



S6 



wo 9mmn 



PCT/I.IS99A36039 



acid can be co-ifinrit-d usir-g R i -PCR, Northern Souihcrn biouing ai-aiysis. 
Sambrook et al. (1989) Supra. 

The tvjeihods of ihe invention are exeniplilied below. Melanoma- 
associated Limigens (MAAs) were used to transduce nuirine D(?s which were then 
5 ifsted for their abiiiiv to activate cytotoxic T lymphocytes (CTLs) and induce 

protective immunity against BI6 meianoma tumor ceiiy. Dendritic cclis derived 
from bone marrow displayed surface markers ciutracterisiic of DCs and were 
functionally active in viira as determined in a mixed iymphncyic reaction and as 
indicated by their ability to induce primary antigcn-spccific proiifcration of 

10 syngeneic T iyraphocytes. The DCs were cfficicntJy transduced with adenovinjs 

type 2 (Ad2) based vectors while remaining phenofypicaUy and functionaliy 
intact, immunization of C57BL/6 mice with DCs transduced with Ad vector 
encoding the non-seif human gpIOO melanoma antigen (Ad2/hugplOf)) elicited 
the development of gpiOO-speciiic CTLs capable of iysing .syngeneic fibroblasts 

1 5 transduced with Ad2/hugp [ 00 as wcli as B 1 6 cells expressing endogenous uuirine 

gplOO. The induction oi'gpl OO-specitlc C TLs was associated with long-term 
protection against lethai .subcutaneous chalienge with R16 ceils. 

Although this invention is excntplifted using heterologous gplO(i 
melanoma tumor antigen, any heteroiogous or altered antigen is useful in the 

20 methods described herein. 

For exaiBpic. polypeptides and the polynucleotides encoding antigeiis of 
this invention can be, in one embodiment, the ht-teraiogous courtterpart or an 
ahered antigen of previously characterized tumor-associated antigens; such as 
MLJC-l (Henderson etal. (1996) Cancer Res. 56:3763;; MAR'i"-l (Kawakami et 

25 ai. ( 1 994) Proc. Natl . Acad. Sci. 91 :351 5; Kawal^ami et al. {,1 997) Intern. Rev. 

Imnvuno/. 14:173; Ribas e{ al. (1997) Cancer Res. 57:2865); HER-2/neu (U.S. 
Patent No. 5,550,214); MAGE {PCT/US92/04354): HPV16. 18E6 and B7 
(Ressing et al. (1996) Caneer Res. 56(1):582; Reatitx^ ( 1996) Current Opinion in 
ImmimoL 8:658; Stern (19'V3) Adv. Cancer Res. 69: 1 75; Tindie et ai, (1995) Clin. 

30 Exp. Jrarnunoi. 101:265: van Dnel et al. ( ! 996) Annals of Medicine 28:471 ); CE A 

(U.S. Patent No. 5.274.087); PSA (f.undwall. A, (1989) Biochem. Biophys. 
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Research Communications j6l : i 15 i ); prosuite iTK-mbrane specify: ajuigcn 
(FSMA) Usn-eii c-t ai. (1<)93) Cancer Research S3:227)- tyrosina<;c (U.S. J'aierr. 
Nos. 5,5.30.096 and 4,898.814; Brichard et at. (1093) .1. Exp. Med. 178:489): 
tyrosinase related proteins I or 2 (TRP-1 and TK?-2\: NY-KSO-i (.Cheti ei aj, 
(1907) Proc, NaU. .Acad. Sci. IJ S..'\, *)4:1914i. or ihc GA733 antigen (VS. PaScnt 
No. 5 J 8.5.254). 

Al.-^o wiihin the scope of this invenlii'ii is -an heierolocious or altered 
aaliiicn corresponding to an epiiope or vviid-Lvpt' antigenic peptide corrt'sponding 
to a yet unidentified protein. .A common straiei;y in the search for tumor aniigens 
is lo i.solatc tunior-spectlic T-cells and auenipt to identify the antigens recognized 
bv these eeli;?. In patients with caiicer, specific CTLs have beyn dt=rivcd from 
iyrnphoeytif infiltrates present a( the tumor site, Weidmann et cil., supra. These 
Tll.s ate uti-quc celi population that can be traced baek to sites of disease when 
they are- labeled with indiuai and adoptiveiv transferred. Alternatively, large 
fthraries ol putative antigens can be produced and tested. Using the "phage 
method^' (Scott and Smith (1990> Science 249:386: Cwirla et al. (1990) Proc. 
Nat!. Aciid. Sci. 87:6:»S7; and Devlin et al. 1 1990) Science 249;4()4}, very large 
libraries can be constructed. Another ^ipproaeh uses primarily chemical method.^, 
of which die Geysen method (Gey.sen et aJ. (198o) Mol. Immtjnoi. 23:709: and 
Geysen et al. (1987) J, Immunol, Method 102:259) and the method of J- odor ct ai. 
(1991) Science 251:767, are examples. Furka ci ai. (1988) i4th Inter. Cong. Biu. 
Vol. 5, Absl. FR;OI?; Furka (1991) Inter, j. Peptide Protein Res. 37:487), 
Houghton {U.S. Patent No. 4.683, 2 U, issued December and Rittter. et al. 
(U.S. Patent "No. 5,010,175, issued April 23, 1991} describe methods to produce a 
mixture of peptides. 

In a further aspect of this invention, Solid-Ft^ase Epitope REcovery 
(^•SPHERE", described in PCI WO 97.'35035) described beloxv, can be used \o 
identify tumor antigens and altered antigens corresponding to .self aiitigens. 

After identification and cloning ot an altered antigen, the antigeji or 
epitope can be expressed and purified for presentattoii to APC using the methods 
discio:scd herein, in a further embodiment, the full-iength native antigen can be 
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kni-»W5! jK t'ic aa, L j_ P( R jjtvcic i muta^entss- S. irbiook ,?t a! , ^upw 

im- ni\ cnuon funner p'0\ id^-i n.t-thods to uiui 01)4 .jui CO^' i a.\U 
rc^puLsi"-, m a Mih)t.L' Ihc uid Ktiuii kil t!)is immu! e e^^pon^e a.so i-- a means m 
5 ^ls^a^ II p{isnt\o iLSfxnisc i\^<^ ilKTJps Hk pie^eiiix o. a larjc nurubct i>f 'i - 

ccUs HI fumor ha'- xen o.mi. atcd a prt)L'iiO'-tio<ii]\ t Aorcble cuttoine m 
s imc cast^ (W 'iitf-<;)C!c and Painiidm t I'J'M'' Cancji hm^uriol l;iiiniint>tho! 
3*^ } \\ oollc> al { jnitTimiinuloy\ 84 5^ hat- diowa that imp anuufn 
<d pob inctiume spoiiijc^ (.oruunjnu Ui.ulutLd Turn*'! cJl'-- can (;**lcivMii\- trap anti- 

10 }un(»i CT{ s (4 ttnitij ^jtaifi thar i>mDh fluid 5(>-lfmes i'ro Jer {han sp.e.n ni 

jx'nplvrtl f-loodi I olk)\\ing .cination T-^d^ cvuiknes in fi- pr^^enct; o{ 
t]'Lirappr<WKUci> pr^sento^ ivXviL'niUwu antu'tn lilt proh.oraio in culture and 
acqui t 'jDteni auti t itnor c% tA\ jc pj< ipcrtic^ ^ eidniant, a A i ^'9 ^ ) ( am ci 
lm!5U.fK ] Inrnimoihcr 3>9 " A■^^a^^ to dclernniic 5 l-cU se-rou^f au v,cl5 khown 

55 !» the art aud an\ inethod that wili compare T i^t,ll nun her and act!\-t\ pnor to 

and stiiv^yquent to thci^pv can he utih/cd Tn addition tiic u,duai.>n ( i ^o- 
stimuLtloi} Lyt kmo^ H the ficu-iologoui aiteted ant^uen toaid ai-o siirauiaic 
pre-L'\istuu ane-L'ic or lo\s afllnitv sell rea4.t5\t; C f I cot 

hen the metloJ is pi (.tjced viifo as a v<.iccn n- it-cntifN antigenic 

20 ptptuies and nucle.c atids of tht; invcntson, mdui^lion oi cst( tou. 1 iMiiphoute-. 

capable oi KsiLg hoM tum(;t (,Lhs indicates that the .aitieciii.. ptrtKc aad'OJ 
nucicsc acid v)f the screen is a notential IhcrapeutK agcttt 

The methods ot thi^ mvcniiojii can k turthcr rioaitled K co-atiitiinsteimg 
moie tnan one hetetologotii^aitwcd aniigcn and oi an t,ttecti\e t<mouiit ot a 

25 c,". tokine or co-ituriu!aior> mobcuie or othi i tiansgcnt to tni. snhje<* 

1 he antigen i> aommistercd to the ^subject either as i -UK-ic c a<.id coduii^ 
for the pepiuiC'piotcin or b> adnnniMeriKi' '^^"'^ pifstntiui. tht .--nagjn In one 
embudimtnt the APt. i^ '.ceadntic which inciudes otu is loi linircd to a 
pulsed or gv.nef!calh modified dendritic ct-!l \\ hen the .iiethod is pract.ced m 

30 \mo the APf ma\ De a tostei antigen p'estntinjj: cell Methods it prcscstlinc the 

antigen to the AVC ire de<;;.nbiLd herein 
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The APC can he further genetically nioditK;...! lo co-express a cytokine 
alone, nr in conibination with a co-stinuilaioi; niolecuie or other ttansgene. 

The APC expresstr:g a lieteiokigoui; and/or altered amipen also can be 
used to expand and isolate a popuLition of immune eilectors which, in mm, are 
,5 oscfoi for adoptive insmunotherapy aiune or aL^ an adiuvani to the iTtethods 

described abuvf. As above, cytokines and/or co-STsmuialOiy molecules or nucleic 
acids eiicoding them, can be co-administered with the immune effector ceils. 
.'Vlternauvcly, ihe immune effecKir ceils can be geneiicaliy modified to express a 
foreiiiii nueleic acid encoding a cytokine or co-stiinaiatory ntolecnle. Prior to 
10 adrnifiistraiion hi viv-j. the immune effector eelis are screened viiro for their 

ability to lyse tiinjor ceils. 

Furthermore, ihc invention prox ides a itiethod for cioinng the cDNA and 
genomic DN.A encoding such protesn by generating degenerate oligonuck-otides 
probes or pri-ner.s ba-:ed on the sequence of the epitope. Compositions comprising 
1 5 the nucleic acid and a carrier, such as a pharmaeeutically acceptable carrier, a 

solid suppon or a detectable label, are further piovided by this method as well as 
method.s for detecting the .sequences in a sampie u:.iing methods such as Northern 
analysis. Southern analysis and PCR, 

Further provided by this invention are therapeutic and diagnostic 
20 conipri.sing oligopeptide sequences determined according to the foregoing 

triethods. Compositions comprising the oligopeptide sequence and a carrier, such 
as a pharmaceuticaily accepttible carrier, a solid support or a deteotabie label, are 
further provided by this method as well as methods for detecting the oligopeptide 
sequence in a sample using methods such as Western analysis and BUS A. 
25 Harlow and I.anc ( 1 989j .mpra. 

Materiais an d Metho ds 

Identification of rumor .Associated .Antigens 

-^0 Any conventional method, e.g.. subtractive library, comparative iXorthern 

and/or Western biot analysis of normal and tumor eel Expression Cloning, 
Serial .Analysis (Jcne E.xpression ''SAGVr {l.I.S. Patent No. 5,695.937) and Solid 
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Vli ist rpstopc RI L.ovtl^ SPIii R[ fd.vtnbcu in PC F U (> un bt 

u-^tJ u. dwtiDf^ pjt?ti\o mhi'cns Eur u^t jn tl)^ '■ub)o<.t imcinon 

SAt.}F .i.ktKsi cii5 be tiijpkixcd to idontjh th^ amis:^> r.v.ojn -;t.\i In 

5 fitcUjtviiM t-ULla)UiL stiLjuciict,. LVtnt;^ m ihe ^ntiatn i.xpr^.^'-nu' 

r^j 1\ SAC rP diidh si- boiiin v^ ! th pro\ idmsi con picnjcni it \ s n ■>> >!m ic <. 
iviJ !^^0\ A) iiom { 1 i ihw autmt i cvprc- iini.' populaiioii ^stid s not 

evrj^^sinj thai amit^en Both v.D\ \s Iv ImktJ to pniiK'i Mit- Sci^ucm... 
lag- .It. tneft .realed fot evimpie usuu the ^ppropridto pumci-, tu amolit^ tlK 
Jf^ V Bv nea-unji£> the aUitfjcnctji in thest tagi. buwcxii he t\so ts,!! r pes 

stjuu^nct- V hicii art cNpus'-cd ni the antigen e^pross]^g eel pi vAj.n<. n can 
be Hlcntu'sed, 

I xp-chwn cloiunj mtthodoJug\ .is dcsuibcd la K<maisa!ni ei al t J 
P\ a'^IS wiKo can bt. used to akntils a no\^! tunior-assoi^sa.Ld ami^en 

15 Hhl^Is la tins method a librap o( t,D\ \^ corr(.>pondiny to riR\ \s ^'en-ved 

tron "umor ^.ells cioti..d mtn an vS^mLSvuvri sctifir and mtt iced into tarct,} 
celi^ ..ic >ubsei.j«trt)\ jncubatci. \\5lh c\tutONK i ctUs t.mt, jds^ntdjcs 

pooK oi cL>N \a tha aie ab l to sumuhtc tiii. C I ( and 0 roiu'h ^ irocess of 
s^quortuii dikition and it. tt'Stitu ot ]c , (.ompkx poois of ^HNA'. on;, is ibie lo 

20 dome unique cDTSA sequence, that aa ahk to stnnuiatt tin. t ! [ and liias eiKoue 

me cojrnate tumor anttgen. 

Vn cntigcii idcnuticati m nunhod SPHFRE !sdt-,.nbtd n I WO 
«7 "^5C"N Bncflv, an tinpmi... 1 scret^nnjf ntcthnd tot t\ ^ idtmifn. itson ot MHC 
C Jas I icstncicd CI i cpitopas h dcsci ibcd that iitdizes pephde hbianes 

25 s> niht;sjzcd on a <?nhd suppoU le j ptastti. beads) \% \ e c c icn boad c jtilam- 

jpproximatch 2{i0 piconioit* s o-' . unicuc [icptidt. that ;-an b^' rcieascrd m 
controiLd mannei The sMrhetn. pt;pli hpian ts tailored lo a wtscalar ilLA 
ri-sajvtion b\ fixing rc lor xes.dnt< thu tonk-i higli-aifmits bindj ig U) a 
pautcalai HI \. alioU (l ii HL V- \2) cotuam a ^ inabie ICR epnopf 

30 rtpeilctit h\ landomi/uiii toe ronummg positio is Roayht^ spcakm" % wcii 

plarcs with it! 000 beaas per -kcIi wiH ai.(„()mm< date a hbiarv ^Mtn a coiiipiexn^ 
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ot appro\in\ite,\ 5 \ Ki' \n vidci to rnuumi/C K.*h the in.tiihti < f CTl ccih 
reqitncd pei "-(.rt-en .m-S ir.c aniounl ot nunual nunipii.adors i\k eluttu pt-j! nit 
t.ar he hrthei pooled to v\t'hs vM'h du\ J^^ncJ t-<-)nink'\u> H.i^t J op 
C'.pcnnicnis v-i^ii omblo hhiauts n >hon!d he pu^sjhic to '-t.tccr. 10^ nt.p.idjs 1 1 
5 % \vd! rldic- ( iO (K)() peptides ptt wcW » with as 2X10 (Mi tolls S-Hl- 

cLa\ mg a pervcntaao ot tnc peptides iroin the be u!s jno uicubaiMii: theiii wuh 
'^'CVlabe oJ \Pt, (t y i 2 ccIKt iud dit CI L h^icbu peptuie pools comttinm^ 
tca.tt\e spcui^^ ^an v tic e nm.d in mea'-uiu-iL. \ i-K'kase a>.cording u> 
btandaid 'iicthoJ- ,\n>)Ht) hi the ait Akernatn e{\ . cvtokun^ production ie v , 

10 jntf)f.Moiv<io proa[craiiou(.eg tixoipojatiun of I j tin rradme) assa\ ma% be 

t)sx.d Alia idertiUin^j tc3cti\t 10.00(>-pcpt?d2 '■ntx^ule^ tlje beads corresponding 
li iliose rm tin a'e t>t;pat ited into smaller pool- ard dts-jibutvd tu nv\s ^'(>-swll 
pia.t.^ {<.•' 100 headi per .^tLi \ti addUional peieentaj^t. ol peptide is reita^ed 
irom >.a;.b poo and 'C-ass<ned ioi actnit} h\ one ot tn^ ruihods listed anovc 

1 5 l'p< ir, idemifieatior of leaef \ e 1 (JQ-peptide pool ^ the bead;, con cspondtng to 

those peptRiL nnMuios aie tedistnbiited at ! bead per veil of anew ''o-well plait; 
Once igain, aa aedncnd pcrcentagt of peptide is ickased <..nd a^sa^ed ior 
a'acti^ jty in otder to isolate the smgk bt;ads conuuniUL' the -cacti^c hbrars' 
peptiUus [|u se^iLieiKc o} ihe peptides on indiMdual beaos ^an he detetipmrd b> 

20 st'qLenem,^ residual p^-ptide bound to the bead^ b\ tor example ■N-tennin«! 

FAiman Jcsdradation ot othci a!^al\lical -echnique^ km \%n to those of skdl -ji Lhe 
art. 

lu \ 'ifo ei)]ibrmation o' ti^o immunogenicitv ni a pntitixe atHigun of th"'. 
j.jventioii eati be comirmeJ iLsing the method desc .bed below ^^hich as->.o,i, fos 
25 tite induction i>t CTLs 

."Viter tsoiation of the epitope or antigen it i an be e ^p^^ssed and purified 
usiiu methods known m the an 

Aitcrnativeh. mme'ii-, of the antigen as uell a^ Jiogmeic and anugens 
from a dttterent ^ipcct ^ of previous i\ characieu/ed antigens ate useful m the 
30 <!ubicet indention I oj e ^ tniplf MART 1 ana gplOf) ar. mcianocvte 

djtterentjatjon arnis^ens speeiikail\ recoiim7ed bv H! A-Al restucted turner 

22 
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innittatisig Ivniphocytes (Tils) denved from patienis with mcianoma. and appear 
lo he involved in timior regression (Kawakami Y. ei ai, (1994} PNAS USA 
91 :6-15S and Kawakami Y. et al. ( ] 99-r. PN AS USA 9,1 :9 1 :35 1 5 s. Recenilv, the 
mouse lioinologue of human MARl -i has been isolated. The Ibll-lent^Th open 
reatiing .frame of the mouse MARTI consists (-f 342 bp, encoding a protein of 1 i.> 
amino acid residues with a predicted molecular weight of - 1 3 kl)a. Aiignnu-ni oS" 
human and murine MARTI amino acid sequences showed 68.5% ideniitv. 

The nnarine homoioge of gplOO has abo bet:n identified. Ilie open 
te.^'uiJ 1 anu consists Ci" i 878 bp. pt<.a!ctini' a pto.i n of (^Sh iinmo a*. id 
resLtut- n)u(,h exhiDit- 7-^ ^% jdonms lo mim.in gpldP 

\ddjtu)nJ ontigcrA jrclude but utO' no hi'iited Ut ill R-2 n<;u t' S 
ratoiuNo ^^50214) M \Of (PCi I S^2')4^-4) ljr\ 16 i Si ond } 7 
(R.s^me tt a) ( 1996) C ani.e 56(1 > '^fv'' R., ^tdo ( 1 ( unem Opinion n, 
TnniLUiol $f->^8 Stem (!''''(■.) Ad\ (ainu Ri s f>9 PS, Imdlt a al .^"'>S)rim 
Exp immunol 101 26> and \an Dnel ctal \nndl<- ol Mtdicine 28 471 i 

CTAil S PatuuXo 5.2'4,U87! PS \ t i undu-dl A 1 1980^ Hiocitcni Bnnh\^ 
Retcarvh omnmnicutti m 161 1 1 =51 ) pru<;tite nicmbranc specitK -:miuen 
U'SMA) iJsraJi et al ( 199'5 1 UanLcr Rcsc-t Ji 5? 22'^!, t\ rosi uisc (I ' ^ Patent 
\'o 5 ^"Mt Ovo and 4 8^J8 Si- and f.ndiafd ot a {19^^? P^p Med rs 48^>) 
fvrosmo-e icLiicd pioteu W i r 2 { 1 RP-i and IRPO^, NY-rS(J-I (Chen et -il 
(!gg7}P\'AS<>4 5914) ortheC.A-'V, 'mttg^nd Patent \o 5J85.2S4) 

in Mho u.nflrmdlion ot the imiaunogenivitv ot a pjtatni antigen ut ihs ^ 
mst'Eitioji von be Lontnnied usnig the njeltiod described beiow v,'h!vh as^av^ for 
the generation ofCTf^s 

Isolation, Culturin}» and Expansion oi APCs, Including Dendrjtic C e!K 

Vinou:. rntihuJs to isolate and etiaracter!?e \PL , mciudmg DC'' ha\. 
ken known m the art \. ieasr t\^o metnods has e been ustd fcr tht; gencr ttion ut 
hum ui dendritic cells trom hematoooei c prei-usn cclis n peripheral blood or 
oon<- niarro^\ One appioach uuh/es the jar;. CD >4 » \ ic^mi Mjr cells and simiuiate 
them HUD (IN^ CSI piu.^ i M tt The otnu method maxts use ot tnt more 
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ahiiudant CDM nitcurNoi p< pukition sjch as adhcrt'i ] .n- u ( ii hiood 
nu>tjOc%Tes anJ ^fninaie then whh ( iKI-CSl pin-, )! -4 (sei oi L^ tmplt 

in one dspcv.i i.i i k n,^ .-ruon. ihv mctimj ciocnlvd tn Uomjiii ci a! 

^iia n«tiuo dondntio <. Jis funn tne penphoi J hkxxi monorui. car ^clU (VBMV) 
V* a fTid.nm. i sudi j !,iunnc Mmi.iri os Inn k n Buefix , isoi ncd VB\K <ire 
pre-*!^jkJ ii> dcpL\t' . - iHii B <.t IK b> ricaris oi an immun, nu.L'ntiu tv'cnniqitc 
L\jnphot,>kMit>ptiLT.-/ V]\\\( .ue then . ukuicd to- 7 da^s in RPMl ^u\!mm, 
-^iippiLmctntd ^\ th 1 .nunjogous hnroan plasma <md CiM C SI U- L to ytrnerate 
ctcndntu (.oil D^,idi t!K 1 1 IK aoiuJherente as oppi std u> tf.titr rnoriocvk 
ptogca! OI Thus o'tiXi. nnij-adheiont 0.5K ate ha'<-(. "-ted lot fuithu 
process} tig. 

1 hL' dcaJiUi(. >.l1K Jcdx cu horn PBM( in Jhf,- pro^to.e o" CA!-C<^i and 
li -4 ate immatut^ in ihai tbe\ can lost the nonadkcjcticf protiLris and re\fn ba!.k 
t > nia<.rophat^>^ tell fa:c if the c\to!' tne Niianih aio jcrcovtd ixi o tbo cc.Ui'c Ihe 
desidntic i-oUs m an miinatutc sluj ate \or> cffcL ivo ui Docosutig !at5\e protein 
amigttis k>i the M!iC Lia--> II rf<;LKlct, path\\a\ (Romcm «t . j i i^-^.S'-'Ji ^ 
Med 169:1 

! LuUjer inait;idtion uf vu'tuicJ dcndnttc cclK is aLComplishccS h\ cuhuring 
I'll ^ da\s uj a macrophage-^onditioned medium {Chh vvhich (.onuins tht 
ncx'.ssdiy mattitatjon tactnrs Viaimc dcndntic ctlK are L>^^ able to captui . nt;\^ 
piott-m^ foi preseniation but are much better at sttmubt \C'^\m^ \ ccILs {both 
Ci)4 I and to lthu and diJerenuatc 

Mataic dendfitic <.elis can be idt-rtitlcd m thctr changi^ ir rnotphi iog>. 
such vhe tormatit^n ot nio'C .notik- (.\lopiasmtc processes h\ thetr 
twtiaJhercnct , b\ the pre ietjce ot at least one ol the U>\\'o\\ tn^' mat \ o s C'l )8 > 
CD68, HLA-OR or CI>St> or b\ the los^ oi ! c receptois ^uch .^s 0D1 ] S 
{reviewed tn Stcinrnan ( j'^^Jj) ■\)ViU R<^ hnimiwd 9 ) 

More specifica h ti-R method requires colicaitig an ennched cf^HectJon oi 
white cdh and platelets t-om ieukaphcresis thai is tht-a further frat^ionated r»> 

24 
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coiintfrcarrcn- centriUtyal clutriation (CCt) ( Abrah:unSL-Q. T,G. t-t ;jL J, 
CliV).. Aphero^fs 6:48-53 ). Ceii s^^mples arc placed m a special ekuriation roior. 
The- rotor is then spun at a constant speed of, for cxatTiplc. 5000 tpm. Once the 
rotor ha.s readied the desired speed pressurized air is ustci to control the {low rate 
5 ofceiis. t'clK: in the elutrialor are subiecteu to tiirnuitaneoif;.. ceiUrifuyation arui a 

waHhoLtj stream of buffer that is eonstantiy increasing in How rate, This results in 
fractififial eel! sepsraiions based largely btu not exchisively on differences in cell 

Quali-y contriji uf APC and ntorc speciilcul!)- DC collection attd 
10 con(lrinatioi) o!' their successful aciivatioii in culture is dependent upon a 

siauihaneous nmlti-coior FACS analysis ti-chnique which moniiors both 
monocytes and the dendritic ceil subpopukiiion as well as possible contaminant I 
Iviiiphocytes. It is bssed upoit the fact that DCs do not express the following 
markers: CD3 {'f cell); CDi4 (nionocvte); CDi6. 56. 57 (NK/LAK celh): CD19, 
15 20 (B eclL). At the same time, DCs do express large quantities of HLA-DR, 

significant H1..A-DQ and B7.2 (but iittie or no B7. 1) at the time they arc 
circLilating in the blood fin addition they express Leu M7 and M9. myeloid 
markers which are also exprt'ssed by monocytes tind neutrophilsV 

When combined with a third color reagent for analysis of dead cells. 
20 propridium iodide (PIj, it is posssible to make posiiive i den titration of all cell 

subpopuiatiotis (see Table 1 ); 

TABLE 1 

V ACS analysis of fresh periph eral cell subpopulations 





Colorful 


Color #2 


Color 




Cocktail 
3/14/15/IV/20/S6/57 


MLA-DR 


11 










Live Dendritic ceiis 


Negative 


Positive 


Negative 


Live Monocytes 


Positive 


Positive 


Negative 


Live Neutrophils 


Negative 


Nciiativt- 


Negative 


Dead Cells 


Variable 


Variable 


Positive 



Additional tnarkers can be substituted for additional atialysis; 

Color »1 : CD5 alone, GDI 4 alone, etc.: Leu M7 or Leii My; anti-Class L 

etc. 
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Coior #2: HLA-Dq. B7. j . B7..":. CD25 (IL2r), ICAM, T..FA-3, etc. 

The goai of FACS analysis at U\e time of cDllfctiofi is lo conHrm that the 
DCs are enriched in the expected fractious., to irioniior neutfophii contarninaiion. 
5 and lo iTUike sure that apprapriatc- m.irkers are expressed. This rapid bulk 

colicciioii of enriched TXTs fi om Itun-tan peripheral blood, siiuable for chnicai 
appltLatioiis, is absoUiieiy dependent oti the anaiyiic FACS technique described 
above ic^r qtiaiity control, if need be, tnature DCs can he immediaiely separated 
from monocytes at tiiis poitit h\ riiH.^rcMcent sorting for '■cocklail negatise" celis. 

iO It ma>- not be ijeeessa)^ to rotitineiy i;cparate DCs from monocytes because, as 

Vviii he detailed below, the rnorsocytes dtetnseivcs ate stii! capable of 
diflereniiaiing into DCs or fonctii.utal DC-Ukc cells in euifurc, 

Once etiliccted, the DC rich/monocyte APC fractions lusuaiiy 150 through 
I'^O) cart be pooled atui eryopreserved for future use, or immediate!}- piaeed in 

1 5 short term ciiitiire. 

Aherriatively. others have reported that a method for ypi emulating 
(activating) dendritic cells and convening nsonocytes to an activated dendritic eel! 
phenotype. 'This method invoKes the addition ofealciun-: ionophore to the culture 
media convert monocytes into activated dendritic cells, .Adding the calcium 

20 ionophore A2.; 1 87, for example, at the begitming of a 24-48 hour culture period 

resulted in uniforsB activation and dendritic ecll phenotypic conversion of the 
pooled "monocyte pias DC" fractions: char-acteristicaiiy. tiie activated population 
becomes imifomtly CD14 (Leu M3) negative, and upregulatcs MI.A-DR, HLA- 
DQ, iCAM-i, B7.1, and B7.2. burthermore this activated bulk population 

25 iunction,s as well on a small numbers basis as a further purified. 

Specific eombination(P) of cytokines have been used sticeessiuliy to 
amplify tor partially substitute) for the activation/conversion achieved vvitii 
calcium ionophore; these cytokines include but are not lin.i!ted to G-CSF, GM- 
CSb\ iL-2, and H..-4, Each cytokijie when given alone is inadequate lor optimal 

.30 upreguiatioi^. 
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in o'K tisnbooiincnt. the '\P( s , na tells c\nr.< -^itij oik' or more aiti^tn 
ate .'liUtiogous l>i mothc emboJinjent, ihc APC >■ dud ;.l1K expressing 
antigen .^r^ aihuinou c dtintJ iron) .i d jR-ert subitct 



5 Presentation of Antigen h\ iht APC 

FtpuJj tra^incnls irom antigt-ns mi st hr-t bo lio md to pcpjJc -«]nd: t;^ 
lectptors hisuxxnipanbuit) tonplox cl.ii. i at d u.ks 11 moiLCMl^sUut 

Ji-^p. rv Tie am-g.i l^. pepudcs on the s'Jifau- oi th. \V\ Palmer 1 and 
Cre"A\\ci (I'-Wh^Anmi Re\ in^munol 16 ^ and ( j.tniam R \ 

10 Immunol Fucs 151? ^^n■lpnoc^ tcs piodui.e ^^n arjtigci icxcptcr tn,u tbe> u\e lo 

monttoi the iuUacx oi APt ^ ior the pro->tucc >n€i^u pLptsdo^ Tlie a my;t.v 
lOf^eptor'^ i>n ( i)4 i tcb$ rC(.3ii ji't anu^Ltu^ p^]>Ui.h - wmc to WIH Lt's H 
molecules \\heieas the tct^epiors vui ( D^^ 1 i.i,tis te.ci wnh ontigeas Jispia\.,d on 
eiasj, 1 TioLCvilc^ 1 oi a gt-nera! icxtew the ineiliod^ tor ptcscnt.Mion ul 

15 exogcneuib aiUtjeu b\ \i'< . slv R.>^haiKUum and koa 'J^'^f^' 

H oieLh.io,<>g\ 16 1025 

Im>i purpus^.s ot immuni/ation, anligeii*^ c..n bt u.. t\Mcd to aiitjL'tn- 
lEoscming cells da proit-in peptide oi in the tnnn of pohnit-ientide-. on^odiru the 
MOlein pi-ptide (1 m.'oi in xno f he meikxis df sluK 1 belos\ ftvus pnint>rd> 

20 on IjCs which art the most potent prttart-tl AP( - 

ai diikTenl tocnniq'jes ha\e be<.!i dtst .bed n> produce eeneticalh 
modiiied Ari\ These inchide ( 1 } the jntfoductiori into the VPCsot 
pohnucieotiLV^ thai exptesi ajitigesi or fragnictits thcito^ t2 1 itilcction ol \Pl. - 
V, th tecombniant \ectors to induce cndngtmo. b expression oi antuen, and 0) 

25 jnttOLliKtu'ji ot ttiii'dr antigen intn the DC L\tosol Dsjrg hposomc- (See, 

BnL7k!.\\^kiD eta] <iW6)T Exp Nkd 184 4of Rouse ei al (l'i94)l \'iro\ 
3o85. and Nair et al 0 992) J hxp Med 1"5 6(;'>) for the purpot-e ot this 
invetiUnii, an\ metnod which allows lor the iiriodiKlnjn and exprt'.->siou ot toe 
heterologous ui non-^el' antigen and ptesemaiioti h\ iIk MHL on tne i^uiface oi 

30 the WL IS vsiih.n 'he seope ot thts invention 
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Sj\c! i' tci hiiKjDos hjs,i been ucscnhod tor the prt\Lnta'n n o: LNogonou-^ 
lioit'.n <ind ur pep.idc D\ the \P( Iht^se tct-hniqiK's .ue biieil) Je<^c^hoJ belu\\ 

Antigen Ptilsmg 

P!'ii.ing It. accomnlt^bcd in \r>o i \ mvo h% oxposn ^ A\X\ to jrugenjc 
protein ct pep'ak'fs) The pnncui or poptak-; are iddtd lo \\H s n ,t 
con> ert! atio.n { I- ID um tor. ippr.'xuhateK ) hour^ l\iglua<!l M'^'^'it f fxp 
Nfcd IS? >] ba^ shnwri tliat M'f mo ih<5ti d win %\hoic p!i>it\« .nm weu 
recrmn/ed -^n MiK olab. I teMuct.d C It., and immun wvo i of aii iu.iK 
H'th ihe^f ,\PC s led the de\cK>pnKm dt aati.<t.n-^pLXifR TTl - v/u> 

Pioutn pepnue atuigcn can ai^o ht < UiMied {o \P( loo tssd prt .a-ieJ 
K ine \P<. \rUL'i.r preJcrabb. Jeh-.ercJ n-th uiiu\.iiit Md the intra^uK^u^ 
MJDcuT.mt-ous iiurati^isdi, intramusviiur or inij.ipcnfoj cal mute ol Jelnc-) (ndn{ 
I 1' mJRov,k.<l iP'^O)) ln\nunf-! }4R Ki)rhnr> V i. eud tr*'*^! 
hiLnutrf- ^"8 and Rejsc-Soi^a ( ard { icnn^ m R \ ( j OQ"^ ) ! k^p Med 
182:841, 
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Auotbe iiKifiou .%i-!ch m be 3-cd ! 1 kjm^d pamtii^ It h.i^ bct;n 

5 th. abiiits to tonicoiporato thorn '.>-!\(.-s back .nt.) .cJ, -t-s^^mbiir ^ ahei 

puitKntion Hin >L v'* a! i MctbovK i r/\no 2^0 '^V' \kdot ct ^ d'->S4) 

lnimunK\ I ( 07 haw cxploucd thi^ propci'x n oiJo- to LK^at, WC-'Ol ^ptvifi.. 
t ompt sttmn to' the rKNt,,u<HK>ii of iinugcn io C I L h viif-^iPT socior^ f(T 

10 mu jo^loliuhn anu iht- i !I \-A2 1 allele uert; ilrVt d^n iseJ I hc: protons wort' 

<.\p LN->i d m SchncKk't S2 f\ou)phtla mc 'ij/'ccja^ft l^j!-, iiiun {o ^u]ooit OPk 
snodUaauu ViTorpun , ition lat p'otoms s-ouid be ncot^ to<. 'omithcr \.Mih a 
pi r'iL'd j-iugeti ptpticf w.uch ro^Liitud in a tr mokcjiai .ojnpk'x cap<iDk ol 
cfut-temlN m^enma uso i mto the merabrint-s oi autologous i,eIK in cs^cmt 

15 dicK prutcm mixtures s^crc u^ed to pair.f ibo XfL suria^o tMidcning the 

dn\hX\ to su'nulitt. Cn Jcne thai uas -pe(,)fK toi 'ne au'ii^ftiic pcf)ttd<. Cel. 
coatiiig V -.bovsn to occur rapidh atid To he pt^taf t,o jct^tiltation dopoiidcni 
ih s meihud Oi :!enetautii2 \PC b>pa ='C^ the lued lor yene nan .fer nito iht APC 
and permits comroi of antigenic peptide densities at the cell surfeces, 

20 

Foster AtttigeE Presenting Ceils 

Fostei APt,\s art' deincd horn the huniaii cell hn. r'4\CLM, 12, referred 
to as '\2, which conutn^ u mutation in its utirigfn proccsMitg paihwav that restricts 
tiie a,sy.->ciaijoti of cndogem^us peptides with ccH suriace MHC cias>, i molccuk^s 

25 (Zwcerink ct ai 1 1 ^5 1 J Immunol ! 50. i 76^). : hi.. ^^ dut to a large 

homozsgous deletKtn in the MHC class If region cncoiiCTas.s ng the genes fWPl, 
TAP2. LMPk and LVn''2. \vhic!i are required tor antigeu ptoseutation to Ml\C 
class i-iestncied CT)8' CI 1 s in efft-ct, onl> "cmpt>" XflK e ass \ mok-oides ate 
prcx>!Ft.d ot) the su)rl.K\- of ihese cells Fxogei^ous peptide added to the cultuic 

30 mcdjum hnds to the^^c Ml If molecules paividtd that the peptide contains the 

aliek-speciilc bmdii-ig moti T iieie T2 cells are referred to herein as '"Tbster" 
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APCs. Ihey can be used in conjunctioii witii this invemioii to pre^etu iht.- 
heterologous. aitered or control aniigen. 

Transduction Qf"T2 celis with specific recoinbinaiit MIIC alleles atiows for 
redirection of the MMC reslrtction profile. Libraries laiiorfcd to the recombinant 
5 aliele wiil be preferentially presented by the:n becaust; the anchor residLtes will 

prevent clficieEn binding to the esidogenous allele. 

High level expression of MMC^ iriolecLiies makes; the APC more vistbic to 
the C.:il.,s. l^xpressijig the MIIC allele of interest in T2 cells using a powerful 
franseriptional promoter (e.g , the CMV promoter) results in a more reactive APC 
10 f nifjsi likely dut- io a higher concentration of reactive Mil (."-peptide eompie.v:es on 

the ceil surface). 

Fxpansion of Immiini Fiieetot ttUs. 

in oi e emhl^dlmt^u the p-c^cnt .tnci^tior nidl.cs u-,e oi ihe-e y\PCs to 

55 ^ttnu'L te pioauction ot an ennthLd population (>t antigen -specific imnui 5e 

etkt ti'i ;,cJ , The anugcn-specifc imnuine eHcUt^r Lciit. die s.\pj.nced at 1\k 
v.\pf n<-e >l \Pl\ \\\\ cn die in the ci liuic i he proct< - b> v\hii,h n< !\e 
nnmure eiiector celK become ediKated b^ othei velL> is ucscnhed eisent ilK m 
( tnthe f 1>-H,7-! Ktolec Kfed ]oda\ 3 Zoi Ihe ^LihstanDallv puic p>ipulat!onol 

20 educated vjmtgtn-sfeciflc immiuie enectoi eeitsp oduccd b\ method are 

useful U) cdihc Tunii. r leL'ies^ion 

I be \PC s (t (J , Dt s) piesenung the heteir.iogotis Jtciod antigen aic 
nn^vd v» ah n i!\e iniirure ettectoi cell> Hieleiabh tl c cells n\i> oc cubureJ m 
the preseiice oi a cytokine for example 112 Becau^c dendniic cells scc-et^. 

25 Doieni immunostimulcJors c^tok^ncs. such a- -IJ nma\ n it ht neccssars to 

add suppltmtntai cvtokmes dunng tl c fast una M!cecssi\ t roumls of e\pan^io i 
in anv e\ent tne culture condittnns ate mcl- tnat the ant!gen-\pe. lu nnnnnit- 
tllector Cw'K expand prol teratei at a mi i h higher ite tnan the \?i ^ 
Multiple infusions oi \Pt,\ ind I'pttonal c\tokn es ^,,^r, be pcri<'rmed to iurmcr 

30 expand tiiL nopuidtjon ot antieeit-spuCttK cejls 
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